In order to study the response of 56 landraces of confectionery sunflower to drought stress, an experiment was conducted in the experimental field of Agricultural Research Center of West-Azerbaijan in 2012-2013 cropping seasons. The genotypes were evaluated in three separated rectangular 7 × 8 lattice design with two replications in three irrigation treatments including optimum irrigation, moderate stress and sever stress where irrigation was done after depletion of 50%, 70% and 90% of available water, respectively. Nine drought tolerance indices including mean productivity (MP), stress tolerance index (STI), geometric mean productivity (GMP), harmonic mean (HARM), stress non-stress production index (SNPI), yield index (YI), drought resistance index (DI), modified stress tolerance index in optimum irrigation (M P STI), and modified stress tolerance index in moderate and severe stress (M s STI) were calculated based on grain yield under well-watered (Y P ), moderate drought stress (Y S -mild) and severe drought stress (Y S -severe) conditions. Grain yield in well-watered (YP), mild and severe stress conditions was significantly and positively correlated with MP, STI, GMP, HARM, SNPI, YI, DI, M P STI and M S STI. Results of this study showed that in moderate drought stress conditions the indices MP, STI, GMP and HARM could be used as the most suitable indicators for screening drought tolerant genotypes. Based on cluster analysis, the studied genotypes were grouped in 3 clusters in each one of water treatment conditions. To select drought tolerant genotypes in severe drought stress conditions, it is suggested to use indices MP, STI, GMP, HARM, SNPI and M S STI because these indices supports stable and high yield in both non-stress and stress conditions.
Introduction
Sunflower (Helianthus annuus L.) is one of the 67 species in the genus Helianthus. Nowadays, two main types of sunflower are grown: for oilseed production and nonoilseed or confectionery types (Salunkhe et al., 1999) . Confectionery sunflower produces large seeds with low oil content and is used in baking and snack applications (Lu and Hoeft, 2007) . Confectionery kernels are roasted and salted, or roasted and no salt added and marketed as edible chips. The confectionery type is one of the most popular and important crops in Iran. It is cultivated in all parts of the country especially in the northwest regions. Abiotic stresses such as cold, salinity, heat and water stress is the principal cause of crop failure worldwide which dipping average yields by more than 50% (Jaleel, 2007) .
The different strategies have been suggested for selecting resistant and relatively resistant genotypes to drought stress. Fisher and Maurer (1978) stated that seed yield in drought environment could be considered as drought resistant index. Blum (1988) reported that selection of genotypes for drought resistant must be associated with high yield in nonstress environments. Drought indices based on loss of yield under stress conditions compared to normal state have been used for screening drought tolerant genotypes (Mitra, 2001) . Several selection indices such as geometric mean productivity (GMP) and stress tolerance index (STI) by Fernandez (1992) , mean productivity (MP) and tolerance index (TOL) by Rosielle and Hamblin (1981) , harmonic mean (HARM) by Jafari et al. (2009) , stress susceptibility index (SSI) by Fisher and Maurer (1978) , yield stability index (YSI) by Bouslama and Schapaugh (1984) and yield index (YI) by (Gavuzzi et al., 1997) were used for screening drought tolerant genotypes. Khodarahmpour et al. (2011) showed that the STI and GMP indices were the more accurate criteria for selection of heat tolerant and high yielding genotypes. Eivazy et al. (2013) indicated that MP index was the best criterion for selecting genotypes with high grain yield at both well watered and drought stressed conditions. According to Ganjali et al. (2009) , there were positive and highly significant correlations among MP, GMP, STI and HARM with yield in stressed and non-stressed conditions. Jabbari et al. (2008) studied drought tolerant indices in sunflower moderate stress (irrigation after depletion of 70% of available water) and sever stress (irrigation after depletion of 90% of available water).
The soil physical and chemical characteristic of the experimental area is presented in Tab. 1. Mean monthly rainfall, humidity and temperature were recorded through the growing period (Tab. 2). Soil moisture samples were taken from 0-30 and 30-60 cm depth. Weight moisture percentage was determined by pressure plate (armfield CAT.REF: FEL13B-1 Serial Number: 6353 A 24S98). Field capacity and wilting point were 26 and 14, respectively. In order to obtain the irrigation times, soil samples were taken by auger from root development depth in each irrigation regimes 48 hours post irrigation. Irrigation intervals were determined from soil moisture percentage 20, 17.6 and 15.2 days for severe, moderate and well-watered conditions, respectively. Irrigation volume was calculated by equation 1 (Alizadeh, 2009 ), Droot= developmental root depth (m).
Required water volume per irrigation regimes calculated and distributed equally by flume and chronometer with water distribution efficiency of 90 percent. Plants were harvested at maturity, and then the grain yield was recorded for every plot. Harvesting area was 3.6 m 2 from the two middle lines. The drought tolerance indices were calculated for every genotype using the corresponding well-watered and water-stressed plots. Drought tolerance indices were calculated by using the equations cited in Tab. 3.
Analysis of variance performed using PROC GLM in the SAS software (SAS Institute Inc., Cary, NC, USA). The comparison of the means was done by Tukey's test at 5% probability level. Correlations between grain yield per plot in each of the water regimes and drought tolerance indices were determined using SAS PROC CORR. The classification of genotypes using grain yield per plot in each of the water regimes and drought tolerance indices data was performed by Ward algorithm based on squared Euclidean distances. Biplot analysis was used to classify the drought tolerance indices as well as the confectionery sunflower landraces (Mohammadi et al., 2010) . Data processing was performed using SPSS 20.00 statistical software (SPSS/PC-20, SPSS Inc., Chicago, IL, USA; http://www.spss.com).
genotypes and found significant and positive correlation between STI and grain yield under non-stressed as well as mild and severe drought stresses conditions. Daneshian and Jonoubi (2008) reported that MP, GMP and STI are the most useful indices for evaluating tolerance to drought stress in sunflower. In some researches, YI led to ranking genotypes based on yield in stress conditions (Sio-Se Mardeh et al., 2006) . Drikvand et al. (2012) exhibited that the most suitable criteria for the identification of genotypes under irrigated and rain fed conditions were GMP, MP and STI. Anwar et al. (2011) observed that there were positive and significant correlations between grain yield and MP, HARM, GMP, STI and K1STI under irrigated and stressed conditions. Farshadfar et al. (2013) reported that K1STI, K2STI, SSPI, RDI, ATI, SNPI and DI could be used as the most suitable indicators for screening drought tolerant cultivars in wheat. Pourdad et al. (2008) indicated that cluster analysis based on STI, MP, GMP, YS and YP classify genotypes into three groups with different susceptibility to drought stress.
According to Fernandez (1992) report, genotypes can be classified into four groups based on their performance in stressed and non-stressed conditions: group A: genotypes with high yield under both stressed and non-stressed conditions, group B: genotypes with high yield under nonstressed conditions, group C: genotypes with high yield under stressed conditions, group D: genotypes with poor performance under both stressed and non-stressed conditions. A suitable index must be able to distinguish group A from the other groups. Biplot is an exploratory data visualization technique to display the multivariate data into a two dimensional scatter plot. The concept of biplot was first developed by Gabriel (1971) . This technique has extensively been used in the analysis of multi-environmental trails (Ahmadi et al., 2000; Farshadfar et al., 2001; Golabadi et al., 2006) . The objectives of the present study were to evaluate several drought tolerance indices and identify drought-tolerant genotypes in confectionery sunflower.
Materials and methods
In order to evaluate the effect of drought stress on grain yield of confectionery sunflower, an experiment was carried out in the experimental field of Agricultural Research center of West-Azerbaijan in 2012 -2013 Comparing landraces based on the resistance / tolerance indices To investigate suitable drought tolerance indices for screening confectionery sunflower landraces under drought stress conditions, different indices were calculated based on grain yield under stressed and non-stressed environments (Tab. 6 and 7). A suitable index must have a significant correlation with grain yield under both non-stress and stress conditions (Mitra, 2001) . Based on the stress tolerance index (STI) and grain yield, the landraces: 2, 12, 14, 16, 25, 28, 29, 31, 32, 33, 47, 49 and 56 were found drought tolerance with the highest STI and grain yield under mild stressed and non-stressed conditions while the landraces: 37 and 38 displayed the lowest amount of STI and grain yield under mild stressed and non-stressed conditions (Tab. 6). Landraces: 2, 7 and 12 had the most STI and grain yield under severe and non-stress conditions while the landraces 36 and 37 had the lowest amount of STI and grain yield under severe and non-stress conditions (Tab. 7). Khodarahmpour et al. (2011) and Khalili et al. (2012) reported that STI and GMP indices were the more accurate criteria for selection of heat tolerant and high yielding genotypes. The highest GMP and MP were shown in landraces: 2, 12, 14, 25, 26, 28, 31, 32, 33, 49 and 56 under mild stressed and non-stressed conditions (Tab. 6). The lowest GMP and MP were observed in landraces: 36 and 37 under severe stressed and non-stressed conditions (Tab. 6). Under severe and nonstress conditions, the highest and lowest GMP and MP were observed in the accessions (2 and 12) and (36 and 37), respectively (Tab. 7). Based on Rosiele and Hamblin (1981) decline, the stress tolerance index (STI) and mean productivity (MP) are defined as the difference in yield and the average yield between stressed and non-stressed conditions, respectively. The highest and lowest HARM were observed in the landraces: (12, 25, 26, 32, 33, 49 and 56) and (9, 10 and 41), respectively, in the mild stressed and non-stressed conditions (Tab. 6). Under severe stressed and nonstressed conditions, the highest and lowest HARM were related to landraces: (5, 7, 12 and 29) and (36, 37, 40 and 41) , respectively (Tab. 7). Mevlut and Sait (2011) indicated that the genotypes with high STI usually present high difference in yield between two different conditions. They reported in general, common ranks for studied landraces by GMP, MP and STI, which suggests that these three indices are similar for screening drought tolerant landraces.
Based on the yield index (YI), the landraces 12, 25, 32 and 56 were the most tolerant landraces under mild stressed and non-stressed conditions (Tab. 6). Landraces: 5, 7, 12, 29, 31 8, 12, 14, 25, 26, 32, 33 and 47 were the most tolerant under mild stressed conditions (Tab. 6). Under severe stressed conditions, the highest MPSTI and MSSTI were related to landraces 7, 12, 25, and 49 (Tab. 7). With regard to stress non-stress production index (SNPI) under mild and severe stressed conditions: landraces (2, 8, 14, 26 and 47) and (5, 7, 22, 29, 31, 34 and 43) were the most 190 tolerant accessions, respectively (Tab. 6 and 7). Based on drought index (DI) under mild stressed conditions, the high tolerant landraces were 12, 16, 25, 31, 32 and 56 (Tab. 6 ). Based on drought index (DI) under severe stressed conditions, the most tolerant landraces were 5, 7, 9 and 43 (Tab. 7). Ilker et al. (2011) concluded that MP, GMP and STI are convenient indices to choose high yielding wheat genotypes in both stressed and non-stressed conditions.
Index name Outcome Equation Reference
Mean Productivity (MP) the landraces with high value of this index will be more desirable Rosielle and Hamblin, 1981) Geometric Mean Productivity (GMP) the landraces with high value of this index will be more desirable Kristin et al., 1997) Stress Tolerance Index (STI)
The landraces with high STI values will be tolerant to drought stress Fernandez, 1992) Harmonic Mean (HARM) the landraces with high value of this index will be more desirable
the landraces with high value of this index will be suitable for drought stress condition
the landraces with high value of this index will be suitable for drought stress condition Lan, 1998) Stress Non-Stress Production Index the landraces with high value of this index will be suitable for drought stress condition et al., 2008) Modified Stress Tolerance Index in Optimum Irrigation (MPSTI) the landraces with high value of this index will be suitable for drought stress condition the landraces with high value of this index will be suitable for drought stress condition Farshadfar et al. (2013) in wheat. Toorchi et al. (2012) showed that correlation between MP, GMP and YS and YP is positive. Ebrahimzadeh Banayjedi et al. (2012) introduced STI, MP and GMP as the best indices for yield predicting. Dehghani et al. (2009) reported that GMP, MP STI were significantly and positively correlated with stress yield. Farshadfar et al. (2001) showed that the most appropriate index for selecting stress tolerant cultivars is an index which has partly high correlation with grain yield under stress and non-stressed conditions. There were negative and significant correlations between YP and YSI in moderate and severe drought stressed conditions.
Correlation analysis
Based on cluster analysis, the studied landraces were grouped into 3 clusters in mild and severe drought stressed conditions. Therefore, there was considerable variation among landraces for drought tolerance. The dendrogram of accessions did not divide the accessions into distinct groups resembling the similar geographical distribution ( Fig. 1 and  2) . Therefore, it is suggested that selection of parents for hybridization does not need to be based on geographic diversity. Hybridization/crossing between any distantly related populations is expected to yield more heterosis and vigorous plants. According to the dendrogram 1, 30% of landraces situated in groups 1, 34% situated in groups 2 and 36% in group 3 under mild drought stressed conditions (Fig. 1) . In severe drought stressed conditions, 30% of landraces placed in groups 1, 21% situated in groups 2 and 45% in group 3 (Fig. 2) . Cluster analysis has been used in drought tolerance studies by other researchers (Safahani Langroodi et al., 2013; Dehbalaei et al., 2013; Zaheri and Bahraminejad, 2012; Ajalli and Salehi, 2012; Zare, 2012; Tabatabaei, 2013) . Golabadi et al. (2006) in characterizing durum wheat segregating populations with cluster analysis distinguished groups with superior lines in both drought stress and well-watered conditions, superior lines in only drought stressed conditions as well as superior lines only in well-watered conditions considering their grain yield. Sajad Bakaei et al. (2008) showed that based on cluster analysis, in normal conditions genotypes were divided into two groups while in mild and severe stressed conditions genotypes were divided into 4 and 5 groups, respectively. Based on results of Zahravi (2009) regarded to cluster analysis, genotypes were divided into three groups resistant, semi-resistant and susceptible.
Using the biplot diagram (Fig. 3 ) the landraces 2, 12, 14, 25, 26, 28, 31, 32, 33, 49 and 56 under mild stressed conditions were identified as tolerant and the landraces 9, 10, 35, 36, 37, 38, 40 and 41 were detected as sensitive to drought. In severe stressed conditions the landraces 2, 5, 7, 12, 25 and 29 were identified as tolerant and the landraces 10, 35, 36, 37, 40 and 41 were detected as sensitive to drought (Fig 4) . According to the biplot presentation there is positive correlation between indices MP, GMP, HARM, STI and yield in three environments that, confirm the observed simple correlations between them. Accordingly, in this study four above indices are the most appropriate indices to screening drought tolerant genotypes. The results of this study are compatible with Fernandez (1992) , Golabadi et al. (2006) , Kaya et al. (2002) and Farshadfar et al. (2012) .
Conclusion
Abiotic stress tolerance is a key component and in some cases the major factor in improving yield in crops (Tollenaar and Wu, 1999) . Drought stress is considered as one of the most visible factors, which affect grain yield, and some of the constituents of the grain oil of sunflower (Razi and Assad, 1999; Ali et al., 2009) . In this evaluation, based on cluster analysis, the studied genotypes were grouped in 3 clusters in each one of water treatment conditions. To select drought tolerant genotypes in severe drought stress conditions, it is suggested to use indices MP, STI, GMP, HARM, SNPI and MSSTI because these indices supports stable and high yield in both non-stress and stress conditions. Distance   32  25  30  31  16  41  40  35  54  38  19  17  44  52  39  10  37  36  9  56  29  28  49  33  26  14  12  2  50  43  34  45  18  13  22  15  53  24  51  6  42  4  21  55  5  48  46  3  47  20  27  11  23  8  7  1 423.37 282.25 141.12 0.00 Distance   43  34  22  46  49  25  55  42  11  7  12  31  29  5  2  37  41  36  40  54  35  10  9  38  52  39  19  44  17  47  28  20  32  23  8  53  4  27  21  24  15  56  26  33  14  3  50  45  30  18  16  13  6  48 
